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CIRCUIT APPARATUS AND ELECTRONIC
APPLIANCE

BACKGROUND

1. Technical Field

The present invention relates to a circuit apparatus, an
electronic appliance, and the like.

2. Related Art

A circuit apparatus for driving an object to be driven such
as a DC motor 1s provided with an overheating protection
circuit for preventing the circuit apparatus and the like from
being broken by overheating caused by an overcurrent in the
transistors constituting an H-bridge circuit. As techniques of
the related art for such a circuit apparatus provided with an
overheating protection circuit, techniques disclosed 1n, for
example, JP-A-2005-347377 and JP-A-2007-82365 are
known. These techniques of the related art implement an
overheating protection function by disposing a temperature
sensor unit 1 the circuit apparatus, detecting overheating
due to an overcurrent based on a result of temperature
detection performed by the temperature sensor unit, and
turning ofl the transistors of the H-bridge circuit.

The techniques of the related art, however, do not give any
consideration to the layout arrangement of the temperature
sensor unit on the chip of the circuit apparatus. For this
reason, there 1s a possibility that in the event of an overcur-
rent flowing between the source and the drain of a switching,
transistor in the H-bridge circuit to increase the temperature
around the transistor, it takes time for the temperature
increase to reach the temperature sensor unit, and as a resullt,
the overheating protection operation 1s delayed. The delay of
the overheating protection operation leads to problems such
as the circuit apparatus being broken or the reliability being
reduced.

SUMMARY

An advantage of some aspects of the invention 1s to
provide a circuit apparatus, an electronic appliance and the
like that can enhance the overheating protection/detection
performance.

An aspect of the invention relates to a circuit apparatus
including: a bridge circuit including a high-side transistor
and a low-side transistor; at least one temperature sensor
unit; and an overheating detection unit that performs over-
heating detection based on a temperature detection signal
from the temperature sensor unit, wherein the temperature
sensor unit 1s disposed 1 a position closer to the bridge
circuit than the overheating detection unit 1s.

According to one aspect of the mvention, 1 the circuit
apparatus mcluding a bridge circuit, the overheating detec-
tion unit performs overheating detection based on the tem-
perature detection signal from the temperature sensor umnit.
The temperature sensor unit that performs temperature
detection 1s disposed 1n a position closer to the bridge circuit
than the overheating detection unit 1s. With this configura-
tion, if, for example, an overheating state occurs due to an
overcurrent 1n the bridge circuit, the temperature sensor unit
disposed 1n a position close to the bridge circuit can detect
the temperature 1n the overheating state 1 a shorter time.
Accordingly, the overheating protection/detection perfor-
mance can be enhanced as compared to a configuration in
which the temperature sensor umit 1s disposed 1n a position
far from the bridge circuat.

In one aspect of the invention, the temperature sensor unit
may be disposed 1n an arrangement area of the bridge circuit.
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As a result of disposing the temperature sensor unit in the
arrangement area of the bridge circuit as described above,
the temperature 1n the overheating state can be detected 1n a
shorter time, and thus the detection performance such as the
overheating protection/detection accuracy and the detection
time can be further enhanced.

Another aspect of the invention relates to a circuit appa-
ratus including: a bridge circuit including a high-side tran-
sistor and a low-side transistor; at least one temperature
sensor unit; and an overheating detection unit that performs
overheating detection based on a temperature detection
signal from the temperature sensor unit, wherein the tem-
perature sensor unit 1s disposed 1n an arrangement area of the
bridge circuat.

According to one aspect of the invention, 1n the circuit
apparatus 1ncluding a bridge circuit, the temperature sensor
unit that performs temperature detection 1s disposed 1n the
arrangement area of the bridge circuit. With this configura-
tion, the distance between the temperature sensor unit and
the bridge circuit can be reduced to the shortest distance, and
thus the temperature 1n the overheating state can be detected
in a short time, and the overheating protection/detection
accuracy can be enhanced.

In one aspect of the mvention, if it 1s assumed that, in the
arrangement area of the bridge circuit, an area extending
along a first side located far from the overheating detection
umt 1s defined as a first side area, and an area extending
along a second side located close to the overheating detec-
tion unit 1s defined as a second side area, the temperature
sensor unit may be disposed 1n the second side area.

With this configuration, the temperature sensor unit 1s
disposed 1n the second side area located close to the over-
heating detection unit, and thus the overheating protection/
detection accuracy can be further enhanced.

In one aspect of the invention, the circuit apparatus may
include a low potential-side power supply pad that receives
a low potential-side power supply, and the temperature
sensor unit may be disposed in a position closer to the low
potential-side power supply pad than the low-side transistor
of the bridge circuit 1s.

With this configuration, the low potential-side power
supply from the low potential-side power supply pad can be
supplied to the temperature sensor unit at a low impedance,
and thus the deterioration in the detection performance of
detecting overheating due to noise or the like can be sup-
pressed.

In one aspect of the invention, the circuit apparatus may
include a dniver circuit that outputs drive signals to the
high-side transistor and the low-side transistor of the bridge
circuit, and the temperature sensor unit may be disposed 1n
a position closer to the bridge circuit than the driver circuit
1S.

With this configuration, the temperature sensor unit 1s
disposed 1n a position closer to the bridge circuit than the
driver circuit of the bridge circuit 1s, and thus the distance
between the temperature sensor unit and the bridge circuit
can be shortened, and the detection performance of detecting
overheating can be enhanced.

In one aspect of the invention, the circuit apparatus may
include a control circuit that performs control so as to turn
on and ofl the high-side transistor and the low-side transistor
of the bridge circuit, and the temperature sensor unit may be
disposed 1n a position closer to the bridge circuit than the
control circuit 1s.

With this configuration, the temperature sensor unit 1s
disposed 1n a position closer to the bridge circuit than the
control circuit that controls the bridge circuit 1s, and thus the
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distance between the temperature sensor unit and the bridge
circuit can be shortened, and the detection performance of
detecting overheating can be enhanced.

In one aspect of the invention, a plurality of temperature
sensor units may be disposed as the at least one temperature
sensor unit.

With this configuration, overheating detection can be
performed based on the temperature detection signals from
the plurality of temperature sensor umts, and thus the

detection performance of detecting overheating can be fur-
ther enhanced.

In one aspect of the invention, a first temperature sensor
unit among the plurality of temperature sensor units may be
disposed 1n an arrangement area of the high-side transistor
of the bridge circuit, and a second temperature sensor unit
among the plurality of temperature sensor units may be
disposed 1n an arrangement area of the low-side transistor of
the bridge circuit.

With this configuration, for example, the first temperature
sensor unit can detect an overheating state due to an over-
current 1n the high-side transistor of the bridge circuit, and
the second temperature sensor unit can detect an overheating,
state due to an overcurrent 1n the low-side transistor of the
bridge circuait.

In one aspect of the invention, a first temperature sensor
unit among the plurality of temperature sensor units may be
disposed 1n an arrangement area of the bridge circuit, and a
second temperature sensor unit among the plurality of
temperature sensor units may be disposed 1n an outside area
of the arrangement area of the bridge circuait.

With this configuration, overheating detection can be
performed by using a result of temperature detection per-
formed by the first temperature sensor unit disposed 1n the
arrangement area of the bridge circuit and a result of
temperature detection performed by the second temperature
sensor unit disposed 1n the outside area of the arrangement
area of the bridge circuat.

In one aspect of the invention, the circuit apparatus may
include a second bridge circuit including a high-side tran-
s1stor and a low-side transistor, and a first temperature sensor
unit among the plurality of temperature sensor units may be
disposed 1n an arrangement area of a first bridge circuit,
which 1s the bridge circuit, and a second temperature sensor
unit among the plurality of temperature sensor units may be
disposed 1n an arrangement area of the second bridge circuat.

With this configuration, for example, the first temperature
sensor unit can detect an overheating state due to an over-
current in the first bridge circuit, and the second temperature
sensor unit can detect an overheating state due to an over-
current 1n the second bridge circuit.

In one aspect of the mnvention, a third temperature sensor
unit among the plurality of temperature sensor units may be
disposed between the first bridge circuit and the second
bridge circuat.

With this configuration, overheating detection can be
performed based on the results of temperature detection
performed by the first, second and third temperature sensor
units disposed 1n a dispersed manner in the arrangement
areas of the first and second bridge circuits.

In one aspect of the invention, the overheating detection
unit may perform overheating detection based on a first
temperature detection signal from a first temperature sensor
unit among the plurality of temperature sensor units and a
second temperature detection signal from a second tempera-
ture sensor unit among the plurality of temperature sensor
units.
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With this configuration, overheating detection can be
performed by using both the first temperature detection

signal from the first temperature sensor unit and the second
temperature detection signal from the second temperature
sensor umt. Accordingly, the detection performance of
detecting overheating can be enhanced as compared to a
configuration 1in which overheating detection 1s performed
based on the temperature detection signal from a single
temperature sensor unit.

In one aspect of the invention, the overheating detection
unmit may perform overheating detection based on a result of
comparison between the first temperature detection signal
and the second temperature detection signal.

With this configuration, overheating detection can be
performed by processing of comparison between the first
temperature detection signal from the first temperature sen-
sor unit and the second temperature detection signal from
the second temperature sensor umt, and it 1s therefore
possible to implement overheating detection that uses a
temperature difference between a plurality of positions 1n the
circuit apparatus.

In one aspect of the invention, the overheating detection
umt may perform overheating detection based on tempera-
ture detection signals mnput in a time division manner from
the plurality of temperature sensor units.

With this configuration, various types ol determining
processing operations for detecting overheating can be per-
formed based on the temperature detection signals input 1n
a time division manner from the plurality of temperature
sensor units, and thus overheating detection with higher
detection performance can be implemented.

In one aspect of the invention, the high-side transistor and
the low-side transistor may be DMOS ftransistors, and the
temperature sensor unit may be formed by a body diode of
a DMOS ftransistor.

With this configuration, a body diode, which 1s a tem-
perature detection element of the temperature sensor unit,
can be implemented by effective utilization of the DMOS
structure of the transistors constituting the bridge circuat.

Another aspect of the mvention relates to an electronic
appliance including any one of the circuit apparatuses
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 shows an example configuration of a circuit
apparatus according to an embodiment.

FIG. 2 shows an example arrangement of a temperature
sensor umt according to a comparative example of the
embodiment.

FIG. 3 shows another example arrangement of the tem-
perature sensor unit.

FIG. 4 shows an example of a circuit configuration of the
circuit apparatus according to the embodiment.

FIGS. 5A and 5B are diagrams 1illustrating operations of
a bridge circuit.

FIG. 6 1s a diagram 1llustrating a method for controlling
a chopping operation using a sense resistor.

FIG. 7 shows an example configuration of a temperature
sensor unit and an overheating detection unait.

FIG. 8 1s a diagram showing a relationship between
temperature detection voltage and reference voltage.

FIG. 9 shows an example arrangement in the case where
a plurality of temperature sensor units are disposed.
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FIG. 10 shows another example arrangement in the case
where a plurality of temperature sensor units are disposed.

FIG. 11 shows another example arrangement 1n the case
where a plurality of temperature sensor units are disposed.
FIG. 12 shows another example arrangement 1n the case
where a plurality of temperature sensor units are disposed.
FIG. 13 shows another example arrangement in the case
where a plurality of temperature sensor units are disposed.
FI1G. 14 1s a diagram illustrating a method for performing,
overheating detection based on the temperature detection
signals from a plurality of temperature sensor units.

FIG. 15 shows an example of a detailed configuration for
performing overheating detection based on the temperature
detection signals from a plurality of temperature sensor
units.

FIGS. 16 A and 16B are diagrams illustrating a method for
performing overheating detection based on the temperature
detection signals mput 1n a time division manner from a
plurality of temperature sensor units.

FIG. 17 1s a cross-sectional view of N-type DMOS
transistors.

FIG. 18 1s a cross-sectional view of P-type DMOS tran-
s1stors.

FIG. 19 1s an example of implementation of a temperature
detection element of a temperature sensor unit that uses a
DMOS structure.

FIG. 20 1s an example configuration of an electronic
appliance.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, a preferred embodiment of the invention waill
be described 1n detail. It 1s to be noted that the embodiment
described below 1s not intended to unduly limit the scope of
the invention recited 1n the appended claims, and not all
configurations described 1n the embodiment are necessarily
essential to the solving means of the mvention.

1. Configuration of Circuit Apparatus

FIG. 1 shows an example configuration of a circuit
apparatus according to an embodiment of the invention.
FIG. 1 1s a diagram showing an example of a circuit
arrangement of the circuit apparatus according to the present
embodiment 1n plan view. To be specific, FIG. 1 1s a diagram
showing a circuit layout arrangement as viewed from above
in a direction perpendicular to a substrate of the circuit
apparatus (semiconductor chip).

The circuit apparatus according to the present embodi-
ment includes a bridge circuit 10 and an analog circuit 28.
The circuit apparatus may also include a driver circuit 18
and a control circuit 20. The circuit apparatus of the present
embodiment 1s not limited to the configuration shown 1n
FIG. 1, and various variations can be made such as omitting
some of the constituent elements or adding other constituent
clements.

The bridge circuit 10 includes high-side (high-potential
side) transistors (for example, Q1 and Q3 shown 1n FIG. 4
described later) and low-side (low-potential side) transistors
(Q2 and Q4). The bridge circuit 10 1s a circuit that outputs
a drive current to a motor (for example, a DC motor), which
1s the object to be drniven. A detailed configuration and
operations of the bridge circuit 10 will be described later
with reference to FI1G. 4 and the like. Also, 1n the following,
description, an example will be described in which the
circuit apparatus 1s a motor driver for driving a motor, but
the object to be driven by the circuit apparatus according to
the present embodiment 1s not limited to a motor, and
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6

various elements and devices having inductors (coils) can be
used as the object to be driven.

The driver circuit 18 1s a pre-driver for driving the bridge
circuit 10. To be specific, the driver circuit 18 outputs drive
signals for driving the high-side transistors and the low-side
transistor of the bridge circuit 10. For example, the driver
circuit 18 outputs a first drive signal to the gates of the
high-side transistors of the bridge circuit 10, and output a
second drive signal to the gates of the low-side transistors of
the bridge circuit 10.

The analog circuit 28 1s a circuit for processing an analog,
signal 1n the circuit apparatus according to the present
embodiment. The analog circuit 28 includes a detection
circuit 30 and the like shown in FIG. 4, which will be
described later. The analog circuit 28 can include a reference
voltage generation circuit, a bias current generation circuit,
an oscillator circuit, and the like.

The control circuit 20 1s a circuit for processing, for
example, a digital signal (logic signal) 1n the circuit appa-
ratus according to the present embodiment. For example, the
control circuit 20 performs control so as to turn the high-side
transistors and the low-side transistors of the bridge circuit
10 on and off. The control circuit 20 also performs process-
ing for performing overall control on the circuit apparatus.

In the present embodiment, the circuit apparatus includes
the bridge circuit 10, at least one temperature sensor unit T'S
and an overheating detection unit OHD. The temperature
sensor unit TS performs temperature detection, and outputs
a temperature detection signal. For example, the temperature
sensor unit T'S detects the temperature of the location where
the temperature sensor unit TS 1s disposed, and outputs a
voltage signal that varies according to the temperature as a
temperature detection signal. The overheating detection unit
OHD performs overheating detection based on the tempera-
ture detection signal from the temperature sensor umt T'S.
For example, the overheating detection unit OHD deter-
mines whether or not a temperature corresponding to the
temperature detection signal has reached a temperature at
which 1t 1s determined that an overheating state has
occurred. If 1t 1s determined that an overheating state has
occurred, for example, an overheating protection operation
of turning ofl the high-side transistors and the low-side
transistors of the bridge circuit 10 1s performed. For
example, 1f 1t 1s determined that an overheating state has
occurred, the overheating detection unit OHD outputs a
shutdown signal (overheating detection signal) to the control
circuit 20, and the control circuit 20 that has received the
shutdown signal performs control so as to turn off the
high-side transistors and the low-side transistors of the
bridge circuit 10.

As described above, by providing the temperature sensor
umit TS and the overheating detection unit OHD 1n the
circuit apparatus according to the present embodiment, the
circuit apparatus can detect an overcurrent flowing through
the bridge circuit 10 if 1t occurs. In addition, the circuit
apparatus according to the present embodiment implements
an overheating protection operation by turning ofl the tran-
sistors of the bridge circuit 10 so as to stop driving the object
to be driven by the bridge circuit 10 such as a motor.

However, if the temperature detection performed by the
temperature sensor unit TS delays, a problematic situation
may occur 1n which the circuit apparatus 1s broken due to
overheating, before the overheating protection operation 1s
performed.

For example, FIG. 2 shows an example arrangement of
the temperature sensor umt TS according to a comparative
example 1n the embodiment. In the comparative example
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shown 1n FIG. 2, the temperature sensor unit TS and the
overheating detection unit OHD are disposed in an arrange-
ment area of the analog circuit 28. The temperature sensor
unit TS and the overheating detection unit OHD are circuits
for processing analog signals, and are operated by receiving
supply of power for analog circuits. For this reason, the
temperature sensor unit TS and the overheating detection
unit OHD are disposed 1n the arrangement area of the analog,
circuit 28, rather than in the arrangement area of the control
circuit 20 or the driver circuit 18. Also, as will be described
later, the high-side transistors and the low-side transistors
constituting the bridge circuit 10 are implemented by high
breakdown voltage transistors (DMOS). On the other hand,
temperature detection elements (bipolar transistors, diodes
or the like) constituting the temperature sensor unit TS are
not required to have a high breakdown voltage. Accordingly,
hitherto, a configuration in which the temperature sensor
unit TS 1s disposed 1n an arrangement area of the bridge
circuit 10 has not been used.

On the other hand, 1 a circuit apparatus that drives the
object to be drniven such as a motor, a large current ({for
example, several hundred mA to several A) tflows through
the bridge circuit 10 constituted by high breakdown voltage
transistors. Accordingly, 1f a problem occurs in the transis-
tors of the bridge circuit 10 and an overcurrent tlows through
the bridge circuit 10, overheating caused by the overcurrent
leads to breakage of the transistors, deterioration 1n reliabil-
ity or the like.

However, 1n the arrangement of the comparative example
shown 1n FIG. 2, the temperature sensor unit TS 1s disposed
at a great distance from the bridge circuit 10 that 1s likely to
be the source of overheating. Accordingly, 11 an overheating
state occurs as a result of an overcurrent tlowing through the
bridge circuit 10, the temperature detection performed by the
temperature sensor unit TS delays. The delay 1n temperature
detection delays the start of an overheating protection opera-
tion performed by the overheating detection unit OHD, and
as a result, the transistors 1n the bridge circuit 10 may be
broken by overheating due to an overcurrent.

To address the above problem, 1n the present embodiment,
as shown in FIG. 1, the temperature sensor umt TS 1is
disposed (layout arrangement) 1 a position at a short
distance from the bnidge circuit 10. To be specific, the
temperature sensor unit TS 1s disposed 1n a position closer
to the bridge circuit 10 than the overheating detection unit
OHD 1s. For example, the temperature sensor umt TS 1s
disposed 1n a position closer to the bridge circuit 10 than the
overheating detection unit OHD 1s, as viewed 1n a direction
perpendicular to the substrate of the circuit apparatus. In
other words, the temperature sensor unit TS 1s disposed 1n a
position closer to the bridge circuit 10 than the driver circuit
18.

It 1s assumed that, for example, the distance between the
temperature sensor unit TS and the bridge circuit 10 1s
denoted by L A1, and the distance between the overheating
detection unit OHD and the bridge circuit 10 1s denoted by
[LLA2. In this case, in the present embodiment, the tempera-
ture sensor unit TS 1s disposed 1n a position that satisfies
LA1<LA2. If 1t 1s assumed that the distance between the
driver circuit 18 and the bridge circuit 10 1s denoted by LLA3,
the temperature sensor unit TS 1s disposed 1n a position that
satisiies LA1<LLA3. The distance between circuits (blocks)
can be, for example, the distance between center positions
(representative position) of circuits (blocks). As used herein,
“center position” refers to the center position of four vertices
(a plurality of vertices) in the case of a rectangular (polygo-
nal) circuit (block).
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In FIG. 1, a direction extending from a first side SD1 of
the circuit apparatus (semiconductor chip) toward an oppos-
ing second side SD2 1s defined as a first direction DR1, and
a direction opposite to the first direction DR1 1s defined as
a second direction DR2. Furthermore, a direction extending
from a third side SD3 of the circuit apparatus toward an
opposing fourth side SD4 1s defined as a third direction DR3,
and a direction opposite to the third direction DR3 1s defined
as a fourth direction DR4. The third and fourth directions
DR3 and DR4 are directions that intersect (are perpendicular
to) the first and second directions DR1 and DR2.

In this case, 1n FIG. 1, the driver circuit 18 1s provided on
the first direction DR1 side of the bridge circuit 10, and the
analog circuit 28 1s provided on the first direction DR1 side
of the driver circuit 18. Also, the control circuit 20 1s
provided on the first direction DR1 side of the analog circuit
28. Then, 1n the first direction DR1, the temperature sensor
unmt TS 1s disposed 1n a position closer to the bridge circuit
10 than the overheating detection unit OHD 1s.

As described above, i the present embodiment, the
temperature sensor unit TS 1s disposed 1n a position close to
the bridge circuit 10. Accordingly, 1f an overheating state
occurs as a result of an overcurrent flowing through the
bridge circuit 10, the temperature sensor unit TS disposed in
a position close to the bridge circuit 10 detects the tempera-
ture 1n the overheating state 1n a short time. Then, upon
immediately starting an overheating protection operation
performed by the overheating detection unit OHD, the
transistors of the bridge circuit 10 are turned off, and the
flow of overcurrent 1s stopped. As a result, 1t 1s possible to
cllectively suppress the occurrence of problematic situations
such as the circuit apparatus (IC) being broken by overheat-
ing due to the overcurrent tlowing through the bridge circuit
10, and the reliability being reduced. That 1s, 1t 15 possible to
implement stable motor drive control that drives the object
to be driven such as a motor in a stable manner by actuating
the overheating protection function in a short time so as to
prevent overheating that can lead to breakage of the circuit
apparatus or the like.

Also, 1n FIG. 1, the temperature sensor umt T'S 1s disposed
in the arrangement area of the bridge circuit 10. As used
herein, the expression “the temperature sensor unit TS 1s
disposed 1n the arrangement area of the bridge circuit 10~
means, for example, that the high-side transistors and the
low-side transistors constituting the bridge circuit 10 are
disposed 1n at least two (three or four) adjacent areas around
the temperature detection elements (bipolar transistors,
diodes or the like) of the temperature sensor unit T'S. In other
words, the bridge circuit 10 are disposed an area adjacent to
the temperature detection elements 1n two orthogonal direc-
tions. That 1s, 1n the position 1n which the temperature sensor
umt TS 1s disposed, the high-side transistors and the low-
side transistors of the bridge circuit 10 are not formed, but
the temperature detection elements are formed. Then, the
transistors of the bridge circuit 10 are formed around (in
adjacent areas of) the temperature detection elements. For
example, 1n FIG. 1, the temperature detection elements are
formed 1n the arrangement area of the temperature sensor
umt TS, and the transistors of the bridge circuit 10 are
formed 1n, for example, adjacent areas on the second direc-
tion DR2 side, the third direction DR3 side and the fourth
direction DR4 side of the temperature detection elements.

By disposing the temperature sensor unit TS 1n the
arrangement area of the bridge circuit 10, overheating due to
an overcurrent in the transistors of the bridge circuit 10 can
be detected at the shortest time. That 1s, as a result of the
temperature 1 the overheating state being detected 1imme-
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diately, the overheating protection operation can be started
at the shortest time. Accordingly, the breakage of transistors
by overheating and the deterioration in reliability can be
suppressed more eflectively.

The high-side transistors and the low-side transistors of
the bridge circuit 10 are formed by transistors having a
higher breakdown voltage than the transistors constituting,
the control circuit 20 or the like. To be specific, the transis-
tors of the bridge circuit 10 are DMOS (Double-diffused
Metal Oxide Semiconductor) transistors. In the case where
the temperature sensor unit TS 1s formed by a high break-
down voltage transistor process (DMOS process), in the
arrangement area ol the temperature sensor unit TS, the
temperature detection elements are formed by the high
breakdown voltage transistor process. For example, as
shown 1n FIG. 19 described later, in the temperature sensor
unit TS, the temperature detection elements are formed by
body diodes DB of DMOS transistors.

Also, 1n FIG. 1, the temperature sensor unit T'S 1s disposed
within the arrangement area of the bridge circuit 10, but as
shown 1 FIG. 3, the temperature sensor unit TS may be
disposed outside the arrangement area of the bridge circuit
10 (around the arrangement area). For example, 1n FIG. 3,
the temperature sensor unit TS 1s disposed under a power
supply line connected to pads PD1 and PD2 for a low
potential-side power supply VSS described later. Even when
the temperature sensor unit TS 1s disposed outside the bridge
circuit 10, by disposing the temperature sensor unit TS at a
short distance from the bridge circuit 10, it 1s possible to
detect overheating due to an overcurrent flowing through the
bridge circuit 10 1n a short time, and suppress breakage of
transistors by overheating, and deterioration in reliability.
Also, 1 FIG. 3, the temperature sensor unit TS 1s disposed
under the power supply VSS. This enables the power supply
VSS to be supplied at a low impedance to the temperature
sensor unit TS, and thus the deterioration i1n detection
accuracy ol overheating detection caused by noise, which
will be described later, can be eflectively suppressed.

Also, 1n FIG. 1, in the arrangement area of the bridge
circuit 10, an area extending along a first side SB1 located
tar from the overheating detection unit OHD (driver circuit,
control circuit) 1s defined as a first side area AR1. An area
extending along a second side SB2 located close to the
overheating detection umit OHD (driver circuit, control
circuit) 1s defined as a second side area AR2. The first side
area AR1 1s a side area located on the first direction DR1 side
with respect to the center position of the bridge circuit 10.
The second side area AR2 1s a side area located on the
second direction DR2 side with respect to the center position
of the bridge circuit 10. The first and second side areas AR1
and AR2 are areas having a predetermined width within the
sides.

In this case, 1n FIG. 1, the temperature sensor unit TS 1s
disposed 1n the second side area AR2. That 1s, the tempera-
ture sensor unit TS 1s disposed in the area located on the first
direction DR1 side with respect to the center position
(representative position) of the bridge circuit 10.

Also, as shown 1n FIG. 1, the circuit apparatus includes
pads PD1 and PD2 for low potential-side power supply that
receive the low potential-side power supply VSS (for
example, GND). For example, the pad PD1 1s disposed in an
I/O area extending along the third side SD3 of the circuit
apparatus (semiconductor chip). The pad PD2 1s disposed 1n
an 1/0 area extending along the fourth side SD4 opposing
the third side SD3 of the circuit apparatus. For example, in
FIG. 1, a pad PD3 1s a pad for electrically connecting to one
end of a sense resistor RS shown 1n FIG. 4 described later,
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and 1s connected to the sources of the low-side transistors Q2
and Q4 and set to a voltage VS. Accordingly, in an I/O area
extending along the first side SD1 of the circuit apparatus,
no pad for the power supply VSS 1s disposed, and the pad
PD3 for the sense resistor RS 1s disposed. The pads PD1 and
PD2 for the power supply VSS are respectively disposed 1n
I/O areas extending along the third and fourth sides SD3 and
SD4 of the circuit apparatus.

The pads PD1 and PD2 are connected by a power supply
line for supplying the low potential-side power supply VSS.
The VSS power supply line 1s provided 1n an area between
the bridge circuit 10 and the driver circuit 18. Under the
power supply line, a guard area for setting the substrate of
the circuit apparatus to a substrate potential (for example,
VSS=GND) can be formed.

Then, in FIG. 1, the temperature sensor unit TS 1s
disposed 1n a position closer to the pads PD1 and PD2 for the
low potential-side power supply VSS than the low-side
transistors ol the bridge circuit 10 are. For example, 11 1t 1s
assumed that the distance between the temperature sensor
unmit TS and the pad PD1 (PD2) is denoted by LB1, and the
distance between the bridge circuit 10 and the pad PD1
(PD2) 1s denoted by LB2, the temperature sensor unit TS 1s
disposed 1n a position that satisfies LB1<LLB2. In FIG. 1, the
temperature sensor unit TS 1s disposed 1n a position equi-
distant (substantially equidistant) from the pads PD1 and
PD2, but the temperature sensor unit TS may be disposed 1n
a position closer to the pad PD1 than the pad PD2, or may

be disposed 1n a position closer to the pad PD2 than the pad
PD1.

As shown 1 FIGS. 4 to 6 described later, 1n the bridge
circuit 10, large noise 1s generated during a switching period
between a charge period and a decay period. If such noise 1s
generated, the accuracy of overheating detection 1s reduced.
For example, in FIGS. 7 and 8 described later, the point
where a temperature detection voltage V1D of the tempera-
ture sensor unit TS and a reference voltage VREF crosses 1s
determined as an overheating state temperature, but 1t large
noise 1s generated in the bridge circuit 10, the accuracy of
overheating detection 1s reduced. If, for example, the tem-
perature detection voltage VTD of the temperature sensor
umt TS fluctuates due to noise generated 1n the bridge circuit
10, the accuracy of overheating detection 1s reduced.
Accordingly, 1t 1s desirable to supply the power supply VSS
(GND) at a low impedance to the temperature sensor unit T'S
as much as possible. Also, in the bridge circuit 10, the
low-side transistors are more likely to be the source of large
noise than the high-side transistors. For this reason, it 1s
desirable to have a configuration in which the noise of the
low-side transistors 1s not transmitted to the temperature
sensor unit TS as much as possible.

In this regard, 1n FIG. 1, the temperature sensor unit T'S
1s disposed 1n the second side area AR2 of the bridge circuit
10. That 1s, the temperature sensor unit TS 1s disposed 1n a
position close to the pads PD1 and PD2 for the power supply
VSS. Accordingly, the power supply VSS (GND) can be
supplied at a low 1mpedance to the temperature sensor unit
TS. As aresult, even 11 large noise 1s generated 1n the bridge
circuit 10, the deterioration 1n the accuracy of overheating
detection caused by the noise can be minimized, and the
overheating protection/detection performance can be
enhanced. Also, 1n FIG. 1, the temperature sensor unit TS 1s
disposed 1n the second side area AR2 of the bridge circuit 10.
That 1s, the temperature sensor unit TS 1s disposed 1n a
position far from the low-side transistors than the high-side
transistors. Accordingly, even 11 large noise 1s generated in
the low-side transistors, because the temperature sensor unit
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TS 1s disposed 1n a position far from the noise source, it 1s
possible to minimize the transmission of the noise to the
temperature sensor unit TS. As a result, even 11 large noise
1s generated in the low-side transistors, the deterioration 1n
the accuracy of overheating detection caused by the noise
can be minimized, and the overheating protection/detection
performance can be enhanced.

For example, as described above, 1n the I/O area extend-
ing along the first side SD1 of the circuit apparatus, which
1s located close to the low-side transistors, the pad PD 3 for
clectrically connecting to one end of the sense resistor RS 1s
disposed, but no pad for the power supply VSS 1s disposed.
For this reason, if the temperature sensor unit TS 1s disposed
in the first side area AR1, it creates a problem 1n that 1t 1s
difficult to supply the power supply VSS at a low impedance,
but this problem can be solved by disposing the temperature
sensor unit TS 1n the second side area AR2.

Also, the circuit apparatus according to the present
embodiment includes the driver circuit 18 that outputs drive
signals to the high-side transistors and the low-side transis-
tors of the bridge circuit 10. The circuit apparatus according,
to the present embodiment also 1ncludes the control circuit
20 that performs control so as to turn the high-side transis-
tors and the low-side transistors of the bridge circuit 10 on
and off. The temperature sensor unit TS 1s disposed 1n a
position closer to the bridge circuit 10 than the driver circuit
18 1s. Also, the temperature sensor unit TS 1s disposed 1n a
position closer to the bridge circuit 10 than the control
circuit 20 1s. That 1s, the temperature sensor unit TS 1s
disposed such that the distance between the temperature
sensor unit TS and the bridge circuit 10 1s shorter than the
distance between the driver circuit 18 and the bridge circuit
10 or the distance between the control circuit 20 and the
bridge circuit 10. With this configuration, the temperature
sensor unit T'S 1s disposed on the second direction DR2 side,
which 1s closer to the bridge circuit 10 than the driver circuit
18 and the control circuit 20 are, and thus the distance
between the temperature sensor unit TS and the bridge
circuit 10 can be shortened. Accordingly, 1in the event of an
overheating state due to an overcurrent tflowing through the
bridge circuit 10, the temperature can be detected by the
temperature sensor unit TS located at a short distance from
the bridge circuit 10, and thus the overheating protection/
detection performance can be enhanced, and an appropriate
overheating protection operation can be implemented.

2. Detailed Example of Circuit Configuration

FIG. 4 shows a detailed example of a circuit configuration
of the circuit apparatus according to the present embodi-
ment. A circuit apparatus shown in FIG. 4 includes a bridge
circuit 10, a driver circuit 18, a control circuit 20, a detection
circuit 30, and an overheating protection circuit 40. The
circuit apparatus of the present embodiment 1s not limited to
the configuration shown in FIG. 4, and various variations
can be made such as omitting some of the constituent
clements or adding other constituent elements.

The bridge circuit 10 includes high-side transistors Q1
and Q3 and low-side transistors Q2 and Q4. The bridge
circuit 10 1s a circuit that outputs a drive current to a motor
100 (for example, a DC motor), and has an H-bridge circuit
configuration in FIG. 4. The high-side transistors Q1 and Q3
are, for example, P-type (1n a broad sense, “lirst conductivity
type”) transistors, and the low-side transistors Q2 and Q4
are, for example, N-type (1n a broad sense, “second con-
ductivity type”) transistors. As used herein, “high-side tran-
sistor” refers to a transistor that 1s connected to a higher
potential power supply side than a low-side transistor.
“Low-side transistor” refers to a transistor that 1s connected
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to a lower potential power supply side than a high-side
transistor. All of the transistors Q1, Q2, Q3 and Q4 may be
N-type transistors. Also, an unshown body diode (parasitic
diode) 1s present between the source and the drain of the
transistors Q1, 2, Q3 and Q4.

The sources of the high-side transistors Q1 and Q3 are
connected to a node of the high potential-side power supply
VBB (first power supply). The sources of the low-side
transistors Q2 and (Q4 are connected to a node N3 to which
one end of the sense resistor RS 1s connected. The node N3
1s connected to, for example, one end of the sense resistor
RS, which 1s an external component, via a terminal of the
circuit apparatus.

The drain of the transistor Q1 and the drain of the
transistor Q2 are connected to a node N1 that 1s connected
to one end of the external motor 100 (1n a broad sense,
“object to be driven”). The node N1 1s connected to one end
of the external motor 100 via a terminal of the circuit
apparatus.

The drain of the transistor Q3 and the drain of the
transistor Q4 are connected to a node N2 that 1s connected
to the other end of the motor 100. The node N2 1s connected
to the other end of the motor 100 via a terminal of the circuit
apparatus.

The detection circuit 30 detects a current tlowing through
the bridge circuit 10. The detection circuit 30 detects, for
example, a charge current during a charge period by detect-
ing the voltage VS at one end of the sense resistor RS. The
detection circuit 30 detects the charge current by detecting,
for example, a voltage difference between the voltage VS
and the voltage (for example, GND) of the low potential-
side power supply VSS (a voltage diflerence between the
voltage at one end of the sense resistor RS and the voltage
at the other end of the same). The detection circuit 30 may
be configured to 1include a first detection circuit that detects
the voltage difference between the voltage VS and the
voltage of VSS and a second detection circuit that detects the
voltage VS.

The detection circuit 30 includes a reference voltage
generation circuit 32, a D/A conversion circuit DAC, and a
comparison circuit CP (comparator). The reference voltage
generation circuit 32 generates a reference voltage VRE,
which 1s a constant voltage. The D/A conversion circuit
DAC generates, upon receiving the reference voltage VRE,
a reference voltage VR that 1s changed variably based on
setting data. The comparison circuit CP recerves an mput of
the reference voltage VR at a first input terminal (non-
inverting input terminal) thereof, receives an mput of the
voltage VS, which 1s the voltage at one end of the sense
resistor RS, at a second input terminal (inverting input
terminal) thereof, and outputs a detection result signal RQ.
For example, as will be described later, a chopping current
1s determined by the reference voltage VR 1put into the
comparison circuit CP, and thus the torque of the motor 100
can be controlled by changing the reference voltage VR by
using the D/A conversion circuit DAC.

The control circuit 20 performs control so as to turn the
high-side transistors Q1 and Q3 and the low-side transistors
Q2 and Q4 on and off based on the result of detection
performed by the detection circuit 30. To be specific, the
control circuit 20 generates control signals IN1, IN2, IN3
and IN4 as PWM signals based on the detection result signal
RQ from the detection circuit 30. The length of the charge
period 1s controlled by the control signals IN1, IN2, IN3 and
IN4.

The driver circuit 18 buflers the control signals IN1, IN2,
IN3 and IN4 from the control circuit 20, and outputs drive
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signals DG1, DG2, DG3 and DG4 to the gates of the
transistors Q1, Q2, Q3 and Q4. The driver circuit 18 includes
pre-drivers PR1, PR2, PR3 and PR4 that bufler the control
signals IN1, IN2, IN3 and IN4 and output the drive signals
DG1, DG2, DG3 and DGA.

The overheating protection circuit 40 includes a tempera-
ture sensor unit TS and an overheating detection unit OHD,
and performs an overheating protection operation. For
example, the overheating protection circuit 40 outputs a
shutdown signal STD to the control circuit 20 11 it 1s
determined based on a result of temperature detection per-
formed by the temperature sensor unit TS that the tempera-
ture has reached a setting temperature (for example, 150
degrees Celsius) at which an overheating protection (over-
heating detection) operation starts. Then, the control circuit
20 that has received the shutdown signal STD implements
overheating protection by performing control so as to, for
example, turn off the transistors Q1 to Q4 of the bridge
circuit 10 to shut down the bridge circuit 10. By doing so,
iI heat generated in the bridge circuit 10 or the like abnor-
mally rises for any reason, the bridge circuit 10 can be
appropriately shut down. It 1s also possible to implement the
overheating protection operation by providing an overheat-
ing protection transistor between the gate and the source of
cach of the transistors Q1 to (Q4 of the bridge circuit 10, and,
if 1t 1s determined that the temperature has reached the
setting temperature for starting overheating protection, turn-
ing on the overheating protection transistors.

Next, operations performed by the bridge circuit 10 of the
circuit apparatus according to the present embodiment will
be described with reference to FIGS. 5A and 3B.

As shown 1n FIG. SA, during a charge period, the tran-
sistors Q1 and Q4 are turned on. As a result, a charge current
IC flows from the high potential-side power supply VBB to
the low potential-side power supply VSS (GND) via the
transistor Q1, the motor 100 (motor coil) and the transistor
Q4.

During a decay period, on the other hand, as shown in
FIG. 3B, the transistors Q2 and Q3 are turned on, and a
decay current 1D flows from the power supply VSS to the
power supply VBB via the transistor QQ2, the motor 100 and
the transistor Q3. The charge current IC and the decay
current ID both flow from a positive-side terminal to a
negative-side terminal of the motor 100.

Then, as shown in FIG. 4, the sense resistor RS 1s
provided between the node N3 to which the sources of the
transistors Q2 and Q4 are connected and a node of the power
supply VSS, and the comparison circuit CP compares the
voltage VS of the node N3 with the reference voltage VR.
Then, as shown 1n FIG. 6, the control circuit 20 controls a
chopping operation that maintains a chopping current ICP
flowing through the bridge circuit 10 at a constant level. To
be specific, the control circuit 20 controls the pulse width of
the PWM signals (IN1 to IN4) such that the chopping
current ICP 1s constant, and the transistors Q1 to Q4 are
controlled so as to be on and ofl based on the PWM signals.

For example, if dniving of the motor 100 starts at timing,
t0 shown in FIG. 6, the motor enters the charge period
shown 1n FIG. 5A, and the transistors Q1 and Q4 are turned
on, and the transistors Q2 and Q3 are turned ofl. As a result,
the drnive current (the charge current IC) flows from the
power supply VBB to the power supply VSS wvia the
transistor (Q1, the motor 100 and the transistor Q4. Then, at
timing t1 at which the drive current of the motor 100 reaches
the chopping current ICP, the period 1s switched to a decay
period TD1. To be specific, if the drive current increases and
the voltage VS of the node N3 exceeds the reference voltage
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VR, the comparison result signal RQ) of the comparison
circuit CP rises from a low level to a high level, and the
period 1s switched to the decay period TD1 at the timing t1.
The drive current of the motor 100 at the timing t1 1s the
chopping current ICP, from which 1t can be seen that the
chopping current ICP 1s detected upon detection of the
voltage VS.

When the period 1s switched to the decay period TD1, as
shown 1n FIG. 5B, the transistors Q2 and Q3 are turned on,
and the transistors Q1 and Q4 are turned ofl. As a result, the
drive current (the decay current 1D) tlows from the power
supply VSS to the power supply VBB via the transistor )2,
the motor 100 and transistor Q3. During the decay period
TD1, as shown 1n FIG. 6, the drive current of the motor 100
decreases over time.

Then, the control circuit 20 detects, by using, for example,
a timer (counter circuit) or the like, that a predetermined
length of time has passed from the start of the decay period
TD1, and switches the period from the decay period TD1 to
a charge period TC1. During the charge period TC1, the
drive current of the motor 100 increases, and when the drive
current of the motor 100 reaches the chopping current ICP,
the charge period TC1 1s switched again to a decay period
TD2. Thereafter, by repeating this processing, control is
performed so as to maintain the chopping current ICP, which
1s a peak current of the drive current, to be constant, and
thereby to maintain the rotation speed of the motor 100 to be
constant.

In the foregoing description, an example was described 1n
which the bridge circuit 10 1s an H-bridge type circuit, but
the present embodiment 1s not limited thereto, and the bridge
circuit 10 may be a half-bridge type circuit. In this case, the
transistors Q3 and Q4 are not provided as the bridge circuit
10, and only the transistors Q1 and Q2 are provided. Also,
in the foregoing description, an example was described 1n
which the circuit apparatus 1s a motor driver for driving the
motor 100, but the object to be drniven by the circuit
apparatus according to the present embodiment 1s not lim-
ited to the motor 100, and various elements and devices
having inductors (coils) can be used as the object to be
driven. Also, 1n FIG. 4, an example was described 1n which
control 1s performed so as to turn the transistors Q1 to Q4 of
the bridge circuit 10 on and off by detecting the voltage VS
at one end of the sense resistor RS, but the present embodi-
ment 15 not limited thereto. It 1s also possible to perform
control so as to turn the transistors Q1 to Q4 on and ofl by,
for example, detecting a current flowing through the bridge
circuit 10 without using the sense resistor RS.

In the circuit apparatus shown 1n FIG. 4, a large current
flows through the drains of the transistors Q1 to Q4 consti-
tuting the bridge circuit 10 when the bridge circuit 10 drives
the motor 100 by using a chopping current. Because the
large current 1s turned on and ofl by the chopping operation,
and the direction 1n which the large current flows 1s reversed.,
the drain voltage of the transistors Q1 to Q4 of the bridge
circuit 10 undergoes a large potential change. In response to
the occurrence of such a potential change, the potential
change becomes noise, which may cause a problem 1n the
overheating protection operation of the overheating protec-
tion circuit 40.

For example, during the decay period shown 1n FIG. 3B,
the decay current ID flows from the low potential-side
power supply VSS to the high potential-side power supply
VBB wvia the transistor 2, the motor 100 and the transistor
Q3. Accordingly, a negative voltage, which 1s a potential on
the negative side with respect to the power supply VSS

(GND), 1s applied to the drain (node N1) of the low-side
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transistor Q2. For this reason, a parasitic diode formed 1n the
area of the N-type transistor Q2 1s driven 1nto a forward bias
state, thereby generating noise that significantly changes the
potential of the substrate. For example, the temperature
sensor unit TS may be negatively aflected by the noise, and
appropriate overheating temperature detection cannot be
implemented. That 1s, an overheating protection operation
cannot be started despite the fact that the temperature has
reached the setting temperature (for example, 150 degrees
Cels1us) for starting overheating protection, which may lead
to a problem such as breakage of the transistors of the bridge
circuit 10 or the deterioration 1n reliability.

In this regard, in FIG. 1, the temperature sensor unit TS
1s disposed 1n a position that 1s close to the pads PD1 and
PD2 for the power supply VSS and 1s far from the low-side
transistors (Q2 and (Q4, which may act as the source of large
noise. Accordingly, even 1 large noise 1s generated in the
low-side transistors Q2 and (4, the deterioration in the
accuracy of temperature detection caused by the noise can
be minimized, and an appropriate overheating protection
operation can be implemented.

3. Overheating Protection Circuit

FIG. 7 shows a detailed example configuration of the
overheating protection circuit 40. The overheating protec-
tion circuit 40 1s not limited to the configuration shown in
FIG. 7, and various variations can be made such as omitting
some of the constituent elements or adding other constituent
clements. For example, 1n FIG. 7, temperature detection 1s
performed by using bipolar transistors, but may be per-
formed by using other temperature detection elements such
as diodes.

As shown 1n FIG. 7, the overheating protection circuit 40
includes a temperature sensor unit TS and an overheating
detection umt OHD. The temperature sensor unit TS
includes a current source IS (current source circuit) and
bipolar transistors BP1 and BP2. The current source IS 1s
provided between a node of a high potential-side power
supply VDD and an output node NB1 of the temperature
sensor unit TS. The bipolar transistors BP1 and BP2 are
provided i1n series between the output node NB1 of the
temperature sensor unit TS and the node of the low poten-
tial-side power supply VSS. The bipolar transistors BP1 and
BP2 are each 1n diode connection 1n which 1ts collector and
base are connected, and can be implemented by, for
example, CMOS lateral bipolar transistors. The current
source IS may be a constituent element of the temperature
sensor unit TS, or may be a constituent element of the
overheating detection unit OHD. That 1s, in FIG. 7, the
temperature sensor umt TS includes at least the bipolar
transistors BP1 and BP2 (in a broad sense, “temperature
detection element”).

The overheating detection umit OHD includes a compari-
son circuit CPB (comparator) and a reference voltage gen-
eration circuit 50. The comparison circuit CPB receives an
input of a temperature detection voltage VID from the
temperature sensor unit TS at a first input terminal (+:
non-inverting input terminal) thereotf, and receives an input
of a reference voltage VREF from the reference voltage
generation circuit S0 at a second mput terminal (—: 1nverting
input terminal) thereof.

The reference voltage generation circuit 50 includes a
constant voltage supply 52, resistors RB1, RB2 and RB3,
and a transistor TB1. The constant voltage supply 52 gen-
erates a constant voltage VRB. The resistors RB1, RB2 and
RB3 are provided 1n series between a supply node NB3 of
the constant voltage VRB and a node NB6 of the power
supply VSS. Then, the reference voltage VREF generated by
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a node NB4 between the resistors RB1 and RB2 1s mput into
the second mput terminal (-) of the comparison circuit CPB.
The N-type transistor TB1 1s provided between nodes
NBS5 and NB6 located at both ends of the resistor RB3, and
receives an input of a shutdown signal STD from the
comparison circuit CPB at its gate. I the shutdown signal
STD 1s L level, the transistor TB1 1s turned ofl, and reference
voltage VREF=VREFH=VRBx{(RB2+RB3)/(RB1+RB2+
RB3)} is generated in the node NB4. If the shutdown signal
STD 1s H level, the transistor TB1 1s turned on so as to
bypass the resistor RB3, and reference voltage
VREF=VREFL=VRBx{(RB2/(RB1+RB2)} is generated in
the node NB4. The resistance values of the resistors RB1,
RB2 and RB3 are set so as to satisty VREFH>VREFL.

FIG. 8 1s a diagram showing a relationship between the
temperature detection voltage VTD of the temperature sen-
sor unit TS and the reference voltage VREF. As shown 1n
FIG. 8, the temperature detection voltage VID decreases as
the temperature increases, and has negative temperature
characteristics. The bipolar transistors BP1 and BP2 are each
in diode connection in which 1ts collector and base are
connected, and a voltage Ebe between the base and the
emitter has negative temperature characteristics. The tem-
perature detection voltage 1s expressed by VID=2xEbe, and
thus the temperature detection voltage VID also has nega-
tive temperature characteristics. On the other hand, the
reference voltage VREF has even (flat) temperature charac-
teristics, which remains constant even 1f the temperature
1ncreases.

In FIG. 8, the setting temperature for starting overheating
protection 1s set to, for example, 150 degrees Celsius. At a
temperature lower than the setting temperature set at 150
degrees Celsius, the temperature detection voltage 1s greater
than the reference voltage (VID>VREF), and thus the
shutdown signal STD becomes inactive (for example, H
level). At a temperature exceeding the setting temperature
set at 150 degrees Celsius, the temperature detection voltage
1s less than the reference voltage (VID<VREF), and thus the
shutdown signal STD becomes active (for example, L level).
When the shutdown signal STD becomes active, the control
circuit 20 executes a shutdown operation of turning off all of
the transistors Q1 to Q4 of the bridge circuit 10. In this way,
an overheating protection operation 1s implemented.

When the shutdown signal STD becomes inactive (H
level), the transistor TB1 1s turned on as described above,
and thereby the temperature detection voltage 1s equal to the
reference voltage (VREF=VREFL). On the other hand,
when the shutdown signal STD changes from inactive to
active (L level), the transistor TB1 1s turned off, thereby
VREF=VRFFH>VREFL.. As described above, 1n the circuit
shown 1n FIG. 7, when the shutdown signal STD changes
from 1nactive to active as a result of the temperature exceed-
ing the setting temperature for starting overheating protec-
tion, the reference voltage VREF increases from VREFL to
VREFH. Accordingly, the overheating protection detection
can have hysteresis characteristics. As a result of having
such hysteresis characteristics, even 1f the voltage level of
the shutdown signal STD increases due to noise or the like
alter the temperature temporarily exceeds the setting tem-
perature, the shutdown signal STD does not change from
active to 1nactive, and thus noise resistance can be enhanced.

4. Arrangement of Plurality of Temperature Sensor Units

In FIG. 1, only a single temperature sensor unit 1s dis-
posed, but according to the present embodiment, a plurality
of temperature sensor units may be disposed 1n the circuit
apparatus. For example, 1n FIG. 9, a first temperature sensor
umit 'TS1 among a plurality of temperature sensor units 1s
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disposed 1n a high-side transistor arrangement area in which
the high-side transistors (Q1 and Q3) of the bridge circuit 10
are disposed. A second temperature sensor umt TS2 1is
disposed 1n a low-side transistor arrangement area 1n which
the low-side transistors ((Q2 and Q4) of the bridge circuit 10
are disposed.

With this configuration, if, for example, an overheating
state occurs due to an overcurrent in the high-side transis-
tors, the overheating state can be detected 1n a short time by
the temperature sensor unit TS1 disposed 1n a position close
to the high-side transistors. If, on the other hand, an over-
heating state occurs due to an overcurrent in the low-side
transistors, the overheating state can be detected 1n a short
time by the temperature sensor unit TS2 disposed i a
position close to the low-side transistors.

For example, 1n the arrangement configuration shown in
FIG. 1, 1 an overheating state occurs due to an overcurrent
in the low-side transistors, because the overheating state
needs to be detected by the temperature sensor unit TS
disposed in a position relatively far from the low-side
transistors, a problematic situation may occur such as detec-
tion of the overheating state being delayed. In this regard,
according to the arrangement configuration shown 1n FI1G. 9,
overheating 1n the low-side transistors can be detected by the
temperature sensor unit 1TS2 disposed at a short distance
from the low-side transistors, and thus the occurrence of a
problematic situation as described above can be suppressed.

Also, by disposing the temperature sensor unit TS1 in the
high-side transistor arrangement area and the temperature
sensor unit TS2 1n the low-side transistor arrangement area
as shown in FIG. 9, the temperature in each arrangement
area can be individually detected and stored. For example,
the results of overheating state detection performed by the
temperature sensor umts TS1 and TS2 may be stored in an
unshown storage unit provided 1n the circuit apparatus. With
this configuration, it 1s possible to identify, at a later time, in
which of the high-side transistor arrangement area and the
low-side ftransistor arrangement area an overcurrent
occurred, and thus enhancement 1n the reliability or the like
can be implemented.

In FIG. 9, the temperature sensor unit TS1 1s disposed in
the second side area AR2 as 1n FIG. 1, and the temperature
sensor unit TS2 1s disposed 1n an area AR3 located close to
the high-side transistor arrangement area, rather than in the
first side area AR1. This configuration enables supply of the
power supply VSS to the temperature sensor units TS1 and
TS2 at a lower impedance, and thus the deterioration in the
accuracy ol overheating detection due to noise can be
cllectively suppressed. That 1s, 11 noise 1s applied to a supply
node of the power supply VSS that supplies power to the
temperature sensor unit TS shown i FIG. 7 when the
temperature 1s near the setting temperature for starting
overheating protection as shown in FIG. 8, the temperature
detection voltage V1D fluctuates near the setting tempera-
ture, and as a result a problem such as the deterioration in the
accuracy of overheating detection may occur. In this regard,
by supplying the power supply VSS to the temperature
sensor unit TS at a low impedance as described above, the
occurrence of such a problem can be suppressed.

FIG. 10 1s a diagram showing another example arrange-
ment of a plurality of temperature sensor units. In FIG. 10,
a first temperature sensor unit TS1 among a plurality of
temperature sensor units 1s disposed in the arrangement area
of the bridge circuit 10, and a second temperature sensor unit
TS2 1s disposed 1n an outside area of the arrangement area
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of the bridge circuit 10. To be specific, the temperature
sensor unit TS2 1s disposed 1n the arrangement area of the
analog circuit 28.

If, for example, overheating state detection 1s performed
by using the absolute temperature as shown in FIG. 8 alone,
the detection speed may be lowered or an error may occur
in the detection accuracy.

In this regard, 1n FIG. 10, overheating state detection can
be performed based on a temperature diflerence between a
detection temperature detected by the temperature sensor
umit TS1 and a detection temperature detected by the tem-
perature sensor unit 1TS2. Overheating detection can be
performed based on, for example, a first temperature detec-
tion signal from the temperature sensor unmit TS1 and a
second temperature detection signal from the temperature
sensor unit T'S2. That 1s, 1n the event of an overcurrent 1n the
transistors of the bridge circuit 10, the temperature in the
arrangement area of the bridge circuit 10 first increases, and
thereafter the temperature in the arrangement area of the
analog circuit 28 increases gradually. Accordingly, effective
overheating detection can be implemented based on the
temperature diflerence between the detection temperature
detected by the temperature sensor unit TS1 and the detec-
tion temperature detected by the temperature sensor unit
TS2. That 1s, overheating detection can be performed based
on a result of comparison between the first temperature
detection signal from the temperature sensor umt TS1 and
the second temperature detection signal from the tempera-
ture sensor unit TS2. And, by performing overheating detec-
tion based on a temperature difference between a plurality of
locations 1n the circuit apparatus as described above,
enhancement of the detection speed, detection accuracy and
the like can be expected, and more 1ntelligent overheating
detection can be implemented. For example, even when 1t
takes time to detect the absolute temperature, by detecting a
relative temperature diflerence, the detection speed and the
like can be enhanced.

FIG. 11 shows another example arrangement. In FIG. 11,
the circuit apparatus includes, in addition to a first bridge
circuit 10, a second bridge circuit 12 including high-side
transistors and low-side transistors. The first bridge circuit
10 1s a first channel bridge circuit, and the second bridge
circuit 12 1s a second channel bridge circuit. In FIG. 11, a
pad PD3 for connecting the sources of the low-side transis-
tors of the first bridge circuit 10 to an external sense resistor
and a pad PD4 for connecting the sources of the low-side
transistors of the second bridge circuit 12 to an external
sense resistor are provided. As a result of providing the two
channel bridge circuits 10 and 12 as described above, two
motors can be driven simultaneously by using one circuit
apparatus, and a reduction in the size and cost of the
clectronic appliance can be implemented. In addition, as a
result of providing the two channel bridge circuits 10 and 12,
it 1s also possible to implement single-phase driving,
microstepping and the like of stepping motors.

Also, 1n FIG. 11, the first temperature sensor umit TS1
among the plurality of temperature sensor units 1s disposed
in an arrangement area of the first bridge circuit 10, and the
second temperature sensor unit TS2 1s disposed in an
arrangement area of the second bridge circuit 12. To be
specific, the temperature sensor unit TS1 1s disposed 1n an
area on a second side SB2 side 1n the bridge circuit 10, and
the temperature sensor unit TS2 1s disposed 1n an area on a
second side SC2 side 1n the bridge circuit 12.

With the example arrangement shown 1 FIG. 11, if an
overheating state occurs due to an overcurrent 1n the bridge
circuit 10, the overheating state can be detected 1n a short
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time by the temperature sensor unit TS1 disposed i the
arrangement area of the bridge circuit 10. If, on the other
hand, an overheating state occurs due to an overcurrent in
the bridge circuit 12, the overheating state can be detected
in a short time by the temperature sensor unit TS2 disposed
in the arrangement area of the bridge circuit 12.

Also, with the example arrangement shown 1n FI1G. 11, the
temperatures in the arrangement areas of the bridge circuits
10 and 12 can be individually detected and stored. For
example, the results of overheating state detection per-
formed by the temperature sensor units TS1 and TS2 may be
stored 1n an unshown storage unit provided in the circuit
apparatus. With this configuration, it 1s possible to identify,
at a later time, 1n which of the arrangement areas of the first
channel bridge circuit 10 and the second channel bridge
circuit 12, an overcurrent occurred, and thus enhancement in
the reliability or the like can be implemented.

FI1G. 12 shows still another example arrangement. In FIG.
12, a third temperature sensor unit TS3 among a plurality of
temperature sensor units 1s disposed between the first bridge
circuit 10 and the second bridge circuit 12. As described
above, by disposing a plurality of temperature sensors TS1,
TS2 and TS3 1n a dispersed manner 1n the arrangement areas
of the bridge circuits 10 and 12, an average temperature of
all of the arrangement areas of the bridge circuits 10 and 12
can be measured. It 1s possible to perform overheating
detection by performing, for example, processing ol aver-
aging the temperature detection voltages of the temperature
sensor units TS1, TS2 and TS3.

Also, 1 the example arrangement shown 1n FIG. 12, a
fourth temperature sensor umt 1S4 among the plurality of
temperature sensor units 1s disposed 1n an area of the analog
circuit 28. That 1s, the temperature sensor units TS1, TS2
and TS3 are disposed 1n positions close to the bridge circuits
10 and 12, whereas the temperature sensor unit TS4 1s
disposed 1n a position far away from the bridge circuits 10
and 12. This configuration enables heat detection to be
performed by using a temperature difference between a
detection temperature detected by the temperature sensor
unit TS4 and a detection temperature detected by each of the
temperature sensor units TS1, TS2 and TS3, and it 1s
therefore possible to implement overheating detection with
higher detection accuracy and reliability.

FIG. 13 shows still another example arrangement. In FIG.
13, the temperature sensor units TS1, TS2, TS3 and TS4 are
disposed at the same positions as i FIG. 12. A temperature
sensor unit TS5 1s disposed 1n the low-side ftransistor
arrangement area of the bridge circuit 10, and a temperature
sensor unit TS6 1s disposed 1n the low-side transistor
arrangement area ol the bridge circuit 12.

With this configuration, in the bridge circuit 10, 1f an
overheating state occurs due to an overcurrent in the high-
side transistors (QB1 and QB3), the overheating state can be
detected 1n a short time by the temperature sensor unmit TS1.
If an overheating state occurs due to an overcurrent in the
low-side transistors (QB2 and QB4), the overheating state
can be detected 1n a short time by the temperature sensor unit
TSS.

Likewise, 1n the bridge circuit 12, 1f an overheating state
occurs due to an overcurrent in the high-side transistors
(QC1 and QC3), the overheating state can be detected 1n a
short time by the temperature sensor umt TS2. If an over-
heating state occurs due to an overcurrent in the low-side
transistors (QC2 and QC4), the overheating state can be
detected 1n a short time by the temperature sensor unit TS6.

Also, 1n FIG. 13, the temperature sensor units TS1, TS2,
1S3, TS5 and TS6 are disposed 1in a more uniformly
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dispersed manner in the arrangement areas of the bridge
circuits 10 and 12. Accordingly, by performing processing of
averaging the results of temperature detection performed by
the temperature sensor units TS1, TS2, TS3, TS5 and TS6,
the detection accuracy and the like can be further enhanced.

FIG. 14 1s a diagram showing an example configuration of
the overheating protection circuit 40 in the case where a
plurality of temperature sensor umts TS1 to TSn (n 1s an
integer of 2 or more) are disposed 1n the circuit apparatus.

Temperature detection voltages V1D1 to VT Dn from the
temperature sensor umts TS1 to TSn are input mnto a first
input terminal (+) of a comparison circuit CPB via switch
clements SW1 to SWn. To be specific, 1n response to a
switch control circuit 60 turming on any one of the switch
clements SW1 to SWn, a temperature detection voltage from
a temperature sensor unit connected to the switch element
that has been turned on 1s mput 1nto the first input terminal
(+) of the comparison circuit CPB. For example, if the
switch element SW1 1s turned on, VIDI1 from the tempera-
ture sensor umt TS1 1s mput 1nto the first mput terminal of
the comparison circuit CPB as a temperature detection
voltage VID, and processing ol comparison between the
temperature detection voltage and a reference voltage VREF
1s performed. If the switch element SW2 1s turned on, VID2
from the temperature sensor unit TS2 1s mput mto the first
input terminal of the comparison circuit CPB as the tem-
perature detection voltage V1D, and processing of compari-
son between the temperature detection voltage and the
reference voltage VREF 1s performed. That 1s, 1n FIG. 14,
the overheating detection unit OHD (comparison circuit)
performs overheating detection based on a first temperature
detection signal (VTD1) from a first temperature sensor unit
(TS1) and a second temperature detection signal (VID2)
from a second temperature sensor unit (I'S2) among a
plurality of temperature sensor units. With this configura-
tion, 1t 1s possible to determine whether or not the detection
temperature detected by each temperature sensor unit (1S1
to TSn) has exceeded the setting temperature (150 degrees
Celsius) for starting overheating protection shown in FIG. 8.

FIG. 15 1s a diagram showing a detailed example of
implementation of FIG. 14. In FIG. 15, the temperature
sensor units TS1, TS2 . . . and TSn shown 1n FIG. 14 are
implemented by a pair of bipolar transistors BP11 and BP21,
a pair of bipolar transistors BP12 and BP22, . . . and a pair
of bipolar transistors BP1z and BP2nr, respectively. The
collectors of the bipolar transistors BP11, BP12 . . . and
BP1» are connected to the current source IS via the switch
elements SWI1, SW2 . . . and SWn. That 1s, the current
source IS 1s shared by the bipolar transistors BP11 and
BP21, the bipolar transistors BP12 and BP22 . . . and the
bipolar transistors BP1» and BP2#. In this case, the current
source IS 1s disposed 1n, for example, the arrangement area
of the analog circuit 28, and may constitute, for example, the
overheating detection unit OHD.

FIG. 16 A 1s a diagram showing another example configu-
ration of the overheating protection circuit 40 in the case
where the plurality of temperature sensor units TS1 to TSn
are disposed 1n the circuit apparatus.

In response to the switch control circuit 60 performing
switch control, a switch circuit 62 selects two from among
the temperature detection voltages of the temperature sensor
umts TS1 to TSn, and outputs the selected temperature
detection voltages as temperature detection voltages VIDA
and VTDB.

In a first detection mode 1n which a relative temperature
difference 1s detected for overheating detection, a switch
element SWB 1s turned on, and switch elements SWC and
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SWOF are turned off. Then, the comparison circuit CPB
compares the temperature detection voltage VIDA with a
voltage obtained by adding an offset voltage VOF to the
temperature detection voltage VIDB. By doing so, if a
difference between a detection temperature corresponding to
the temperature detection voltage VIDA and a detection
temperature corresponding to the temperature detection
voltage VTDB reaches a predetermined temperature difler-
ence (a temperature difference corresponding to the offset
voltage VOF), 1t 1s possible to detect the fact that the
difference has reached the predetermined temperature dii-
ference.

It 1s assumed here, for example, that the temperature
detection voltages VID1 and VTD2 of the temperature
sensor units TS1 and TS2 are selected by the switch circuit
62 as the temperature detection voltages VIDA and VTDB.
In this case, 1t 1s possible to, i the first detection mode,
detect whether the difference between the detection tem-
perature detected by the temperature sensor umt TS1 and the
detection temperature detected by the temperature sensor
unit TS2 has reached a predetermined temperature differ-
ence. As a result, it 1s possible to implement overheating
detection based on the temperature difference, and enhance
the detection speed, the detection accuracy and the like.

On the other hand, 1n a second detection mode 1n which
the absolute overheating temperature 1s detected, the switch
clements SWC and SWOF are turned on, and the switch
clement SWB 1s turned off. Then, the switch circuit 62
selects one from among the temperature detection voltages
of the temperature sensor units TS1 to TSn, and outputs the
selected temperature detection voltage as the temperature
detection voltage VIDA. Then, the comparison circuit CPB
performs processing ol comparing the temperature detection
voltage VI DA with the reference voltage VREF mnput from
the reference voltage generation circuit 50 via the switch
clements SWC and SWOF. By doing so, 1t 1s possible to
detect the absolute overheating temperature as described
with reference to FIG. 8. That 1s, 1t 1s possible to detect
whether or not the detection temperature detected by each
temperature sensor unit TS1 to TSn has reached the setting
temperature for starting overheating protection.

According to the method using the example configuration
shown 1n FIG. 16A described above, the overheating detec-
tion unit OHD can perform overheating detection based on
a result of comparison between a first temperature detection
signal (for example, V1 D1) from a {irst temperature sensor
unit (for example, TS1) and a second temperature detection
signal (for example, VID2) from a second temperature
sensor unit (for example, TS2). That 1s, 1t 1s possible to
perform overheating detection 1n the first detection mode in
which a relative temperature diflerence 1s detected, and the
detection speed, the detection accuracy and the like can be
enhanced.

In this case, 1t 1s desirable that, as indicated by C1, C2 and
C3 1n FIG. 16B, the overheating detection unit OHD per-
forms overheating detection based on the temperature detec-
tion signals input 1n a time division manner from the
plurality of temperature sensor units TS1 to TSn.

For example, 1n C1 shown 1n FIG. 16B, the switch circuit
62 seclects temperature detection voltages (1n a broad sense,
temperature detection signal) VI1D4 and VIDI1 from the
temperature sensor units TS4 and TS1 as the temperature
detection voltages VIDA and VIDB. In response thereto,
VTDA=VTD4 is mput 1nto the first input terminal (+) of the
comparison circuit CPB of the overheating detection unit
OHD, and VIDB=VTD1+VOF 1s mput into the second

input terminal (-) of the same. Then, overheating detection
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1s performed by processing of comparison between the
temperature detection voltages VIDA and VTDB. To be
specific, 1t 1s determined whether or not the temperature
difference between the detection temperature detected by the
temperature sensor unit TS4 and the detection temperature
detected by the temperature sensor unit TS1 has exceeded a
temperature difference corresponding to the oflset voltage
VOF. I1 1t 1s determined that the temperature diflerence has
exceeded the temperature difference corresponding to the
oflset voltage VOF, the state 1s determined as an overheating
state. For example, 1t 1s determined whether or not the
temperature diflerence between the detection temperature
detected by the temperature sensor unit TS4 disposed 1n the
area ol the analog circuit 28 distant from the bridge circuit
10 and the detection temperature detected by the tempera-
ture sensor unit TS1 disposed 1n the high-side transistor area
of the bridge circuit 10 1mn FIG. 13 has exceeded a prede-
termined temperature. Therealter, 11 an overcurrent flows in
the high-side transistors of the bridge circuit 10, because the
detection temperature detected by the temperature sensor
umt TS1 increases earlier than the detection temperature
detected by the temperature sensor unit TS4, a temperature
difference occurs between these detection temperatures. By
detecting the temperature difference, the overheating detec-
tion unit OHD can detect the overcurrent state that has
occurred due to the overcurrent 1n the high-side transistors
of the bridge circuit 10.

Next, in C2 shown 1n FIG. 16B, the switch circuit 62
selects temperature detection voltages VID4 and V1D2
from the temperature sensor umts 1S4 and TS2 as the
temperature detection voltages VIDA and VIDB. In
response thereto, VIDA=VTD4 1s mput into the first input
terminal of the comparison circuit CPB of the overheatmg
detection unit OHD, and VIDB=VTD2+VOF is mput into
the second mput terminal of the same. Then, overheating
detection 1s performed by processing of comparison between
the temperature detection voltages VIDA and VIDB. For
example, 1t 1s determined whether or not the temperature
difference between the detection temperature detected by the
temperature sensor unit TS4 disposed in the area of the
analog circuit 28 and the detection temperature detected by
the temperature sensor unit TS2 disposed in the high-side
transistor area of the bridge circuit 12 in FIG. 13 has
exceeded a predetermined temperature. Thereaiter, 1f an
overcurrent flows in the high-side transistors of the bridge
circuit 12, because the detection temperature detected by the
temperature sensor unit TS2 increases earlier than the detec-
tion temperature detected by the temperature sensor umit
154, a temperature difference occurs between these detec-
tion temperatures. By detecting the temperature diflerence,
the overheating detection unit OHD can detect the overcur-
rent state that has occurred due to the overcurrent in the
high-side transistors of the bridge circuit 12.

Next, in C3 shown in FIG. 16B, the switch circuit 62
selects temperature detection voltages VID4 and V1TDS5
from the temperature sensor unmits 1S4 and TS5 as the
temperature detection voltages VIDA and VIDB. In
response thereto, VIDA=VTD4 1s mput 1nto the first input
terminal of the comparison circuit CPB of the overheatmg
detection unit OHD, and VIDB=VTD5+VOF is mput into
the second mput terminal of the same. Then, overheating
detection 1s performed by processing of comparison between
the temperature detection voltages VIDA and VIDB. For
example, 1t 1s determined whether or not the temperature
difference between the detection temperature detected by the
temperature sensor unit TS4 disposed 1n the area of the

analog circuit 28 and the detection temperature detected by
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the temperature sensor unit TSS disposed i the low-side
transistor area of the bridge circuit 10 1 FIG. 13 has
exceeded a predetermined temperature diflerence. Thereat-
ter, 1I an overcurrent flows 1n the low-side transistors of the
bridge circuit 10, because the detection temperature detected >
by the temperature sensor unit TS5 1ncreases earlier than the
detection temperature detected by the temperature sensor
unit TS4, a temperature difference occurs between these
detection temperatures. By detecting the temperature difler-
ence, the overheating detection unit OHD can detect the
overheating state that has occurred due to the overcurrent 1n
the low-side transistors of the bridge circuit 10.

As described above, by disposing a plurality of tempera-
ture sensor units 1n the circuit apparatus, and performing,
processing of comparison between the temperature detection
signals input 1n a time division manner from the temperature
sensor units, 1t 1s possible to perform overheating detection
based on a temperature difference between diflerent loca-
tions 1n the circuit apparatus, and enhance the detection 2¢
accuracy ol overheating detection, and the detection speed.

5. DMOS

In the present embodiment, DMOS (Double-diflused
Metal Oxide Semiconductor) transistors are used as the
transistors Q1 to Q4 constituting the bridge circuit 10. Also, 25
CMOS (Complementary Metal Oxide Semiconductor) tran-
sistors are used as the transistors constituting the logic
circuit 20, the analog circuit 28 and the like.

FIG. 17 shows an example of a structure of low-side
transistors ((Q2 and QQ4) in cross section. In this example, 30
N-type DMOS ftransistors are formed on a P-type silicon
substrate as low-side transistors.

To be more specific, an N-type buried layer (NBLA) 1s
formed on the P-type substrate (Psub), a P-type epitaxial
layer 1s formed on the buried layer, and an N-type well 35
(NWLC) 1s formed 1n the epitaxial layer. An N-type diflu-
sion layer 1s formed in the N-type well so as to form drains
of the N-type DMOS ftransistors. Also, a P-type well
(PBDA) 1s formed i the N-type well, and an N-type
diffusion layer 1s formed i the P-type well so as to form 40
sources of the N-type DMOS transistors. The P-type well
(PBDA) 15 set to the same potential as the source voltage by
a P-type diflusion layer connected to the sources.

The P-type substrate (Psub) 1s set to the voltage (GND) of
VSS. The drains of the N-type DMOS transistors are con- 45

nected to the N-type area (N-type diffusion layer) so as to be
in contact with the P-type substrate via the underlying
N-type layers (NWLC and NBLA), and thus a parasitic
diode Dpl i1s formed between the drains and the P-type
substrate. 50

FIG. 18 shows an example of a structure of high-side
transistors (Q1 and Q3) in cross section. In this example,
P-type DMOS transistors are formed on a P-type silicon
substrate as high-side transistors.

To be more specific, an N-type buried layer (NBLA) 1s 55
formed on the P-type substrate (Psub), a P-type epitaxial
layer 1s formed on the buried layer, and an N-type well
(NWLC) 1s formed 1n the epitaxial layer. A P-type well
(PDPM) 1s formed 1n the N-type well, and a P-type diffusion
layer 1s formed 1n the P-type well so as to form drains of the 60
P-type DMOS ftransistors. Also, another N-type well
(NWLB) 1s formed in the N-type well (NWLC), and an
N-type diffusion layer and a P-type diflusion layer are
formed 1n the N-type well so as to form sources of the P-type
DMOS transistors. The N-type well (NWLB) 1s set to the 65
same potential as the source voltage by the N-type diffusion
layer connected to the sources.
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The P-type substrate (Psub) 1s set to the voltage (GND) of
VSS. The N-type area (the N-type layers NWLC and
NBLA) on the P-type substrate 1s set to the power supply
voltage VBB via the N-type wells (NWLB) of the sources.
The drains are connected to the P-type area (P-type diffusion
layer) so as to be in contact with the N-type area via the
underlying P-type layer (PDPM), and thus a parasitic diode
Dp2 1s formed between the drains and the N-type area.

As described above, 1n the present embodiment, as shown
in FIGS. 17 and 18, DMOS transistors are used as the
high-side transistors and the low-side transistors of the
bridge circuit 10 (12). In this case, according to the present
embodiment, the temperature sensor umt TS can be formed
by a body diode of the DMOS ftransistor. That i1s, the
temperature detection element of the temperature sensor unit

TS can be implemented by a body diode of the DMOS

transistor.

For example, FIG. 19 corresponds to a cross-sectional
view ol N-type DMOS transistors as in FIG. 17. As indicated
by Al in FIG. 19, the gate and the source of a transistor TR
are connected, and a body diode DB formed between the
source and the drain of the transistor TR 1s used as the
temperature detection element of the temperature sensor unit
TS.

That 1s, 1n FIG. 19, as a result of connecting the gate and
the source of a transistor TR, the channel of the transistor TR
1s not formed, and the source and the gate serve as the anode
(A) of the body diode DB. On the other hand, the drain of
the transistor TR serves as the cathode (K) of the body diode
DB, and body diodes DB whose forward direction 1s from
anode to cathode are formed. In other words, body diodes
DB 1n which the P-type area (PBDA) electrically connected
to the source via the P-type diflusion layer serves as the
anode, and the N-type area (NWLC, NBLA) electrically
connected to the drain via the N-type diflusion layer serves
as the cathode are formed.

The body diodes DB have negative temperature charac-

teristics as 1n FIG. 8. Accordingly, by using, instead of the
bipolar transistors BP1 and BP2 shown in FIG. 7, the body

diodes DB of the DMOS ftransistors TR, 1t 1s possible to
implement the temperature detection element of the tem-
perature sensor unit TS for overheating detection.

6. Electronic Appliance

FIG. 20 shows an example configuration of an electronic
appliance to which a circuit apparatus 200 (motor driver)
according to the present embodiment 1s applied. The elec-
tronic appliance includes a processing unit 300, a storage
unit 310, an operation unit 320, an 1nput/output unit 330, a
circuit apparatus 200, a bus 340 connecting these units, and
a motor 280. Heremafter, a description will be given by
taking a printer that controls its head and paper feed by
motor driving as an example, but the present embodiment 1s
not limited thereto, and may be applied to various types of
clectronic appliances.

The mput/output unit 330 1s formed by, for example, an
interface such as a USB connector, a wireless LAN or the
like, and receives an iput of 1mage data and document data.
The mput data 1s stored in the storage unit 310, which 1s an
internal storage device such as, for example, DRAM. Upon
receiving a print instruction from the operation unit 320, the
processing unit 300 starts an operation of printing data
stored 1n the storage unit 310. The processing unit 300 1ssues
an instruction regarding the print layout of the data to the
circuit apparatus (motor driver) 200, and the circuit appa-
ratus 200 rotates the motor 280 based on the instruction so
as to move the head and perform paper feeding.
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Although the embodiment according to the invention has
been described in detail above, those skilled 1n the art can
casily recognize that many varnations that do not substan-
tially depart from the new matter and eflects of the invention
are possible. Accordingly, all such varniations are included 1n
the scope of the invention. For example, a term (P-type,
N-type, motor, bipolar transistor, temperature detection volt-
age, or the like) described together with a different term (first
conductivity type, second conductivity type, object to be
driven, temperature detection element, temperature detec-
tion signal, or the like) having a broader meaning or the
same meaning at least once 1n the specification or drawings
may be replaced by the different term 1n anywhere in the
specification or drawings. In addition, all combinations of
the present embodiment and variations are also included in
the scope of the mvention. Furthermore, the configuration,
operations and arrangement configurations of the circuit
apparatus and the like are not limited to those described 1n
the present embodiment, and various variations can be
made.

This application claims priority from Japanese Patent
Application No. 2014-204506 filed in the Japanese Patent

Office on Oct. 3, 2014, the entire disclosure of which 1s
hereby incorporated by reference 1n 1ts entirely.

What 1s claimed 1s:
1. A circuit apparatus comprising:
a bridge circuit including a high-side transistor and a
low-side transistor;
a temperature sensor; and
an overheating detector that performs overheating detec-
tion based on a temperature detection signal from the
temperature sensor,
wherein:
the temperature sensor 1s disposed 1n a position physi-
cally closer to the bridge circuit than the overheating
detector,
one of the high-side transistor and the low-side tran-
sistor 1s formed 1n areas that are provided adjacent
three sides of the temperature sensor, and
an other of the high-side transistor and the low-side
transistor 1s formed separated from the temperature
sensor 1n a direction of one of the three sides of the
temperature sensor to which the one of the high-side
transistor and the low-side transistor 1s adjacent.
2. The circuit apparatus according to claim 1,
wherein the temperature sensor 1s disposed 1n an arrange-
ment area of the bridge circuat.
3. A circuit apparatus comprising;:
a bridge circuit including a high-side transistor and a
low-side transistor:
at least one temperature sensor; and
an overheating detector that performs overheating detec-
tion based on a temperature detection signal from the at
least one temperature sensor,
wherein:
the at least one temperature sensor i1s disposed in an
arrangement area of the bridge circuit,
one of the high-side transistor and the low-side transistor
1s formed 1n areas that are provided adjacent three sides
of the at least one temperature sensor, and
another of the high-side transistor and the low-side tran-
sistor 1s formed separated from the temperature sensor
in a direction of one of the three sides of the tempera-
ture sensor to which the one of the high-side transistor
and the low-side transistor 1s adjacent.
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4. The circuit apparatus according to claim 2,

wherein:

the arrangement area of the bridge circuit includes a first
side area and a second side area,

the second side area 1s closer to the overheating detector
than the first side area, and

the temperature sensor 1s disposed in the second side area.

5. The circuit apparatus according to claim 1, comprising,

a low potential-side power supply pad that receives a low
potential-side power supply,

wherein the temperature sensor 1s disposed 1n a position
closer to the low potential-side power supply pad than
the low-side transistor of the bridge circuit 1s.

6. The circuit apparatus according to claim 1, comprising

a dniver circuit that outputs drive signals to the high-side
transistor and the low-side transistor of the bridge
circuit,

wherein the temperature sensor 1s disposed 1n a position
closer to the bridge circuit than the driver circuit is.

7. The circuit apparatus according to claim 1, comprising

a control circuit that performs control so as to turn on and

oil the high-side transistor and the low-side transistor

of the bridge circuat,

wherein the temperature sensor 1s disposed 1n a position
closer to the bridge circuit than the control circuit 1s.

8. The circuit apparatus according to claim 1,

wherein a plurality of temperature sensors are disposed as
the temperature sensor.

9. The circuit apparatus according to claim 8,

wherein a first temperature sensor among the plurality of
temperature sensor units 1s disposed 1n an arrangement
area ol the high-side transistor of the bridge circuit, and

a second temperature sensor among the plurality of tem-
perature sensors 1s disposed 1n an arrangement area of
the low-side transistor of the bridge circuat.

10. The circuit apparatus according to claim 8,

wherein a first temperature sensor among the plurality of
temperature sensors 1s disposed 1n an arrangement area
of the bridge circuit, and

a second temperature sensor among the plurality of tem-
perature sensors 1s disposed 1n an outside area of the
arrangement area of the bridge circuait.

11. The circuit apparatus according to claim 8, comprising

a second bridge circuit including a high-side transistor
and a low-side transistor,

wherein a first temperature sensor among the plurality of
temperature sensors 1s disposed 1n an arrangement area
of a first bridge circuit, which 1s the bridge circuit, and

a second temperature sensor among the plurality of tem-
perature sensors 1s disposed 1n an arrangement area of
the second bridge circuait.

12. The circuit apparatus according to claim 11,

wherein a third temperature sensor among the plurality of
temperature sensors 1s disposed between the first bridge
circuit and the second bridge circuait.

13. The circuit apparatus according to claim 8,

wherein the overheating detector performs overheating
detection based on a first temperature detection signal
from a first temperature sensor among the plurality of
temperature sensors and a second temperature detec-
tion signal from a second temperature sensor among the
plurality of temperature sensors.

14. The circuit apparatus according to claim 13,

wherein the overheating detector performs overheating
detection based on a result of comparison between the
first temperature detection signal and the second tem-
perature detection signal.
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15. The circuit apparatus according to claim 8,

wherein the overheating detector performs overheating
detection based on temperature detection signals 1mput
in a time division manner from the plurality of tem-
perature sensors. 5

16. The circuit apparatus according to claim 1,

wherein the high-side transistor and the low-side transis-
tor are DMOS transistors, and

the temperature sensor 1s formed by a body diode of a
DMOS transistor. 10

17. An electronic appliance comprising the circuit appa-

ratus according to claim 1.

18. The circuit apparatus according to claim 1, wherein:

the arrangement area of the bridge circuit includes a first
side area and a second side area, 15

the second side area 1s closer to the overheating detector
than the first side area,

the high-side transistor and the temperature sensor are
disposed 1n the second side area, and

the low-side transistor 1s disposed 1n the first side area. 20
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